Fluidization applied to sediment transport (f.a.s.t.) - ii, 1979 by Collins, Anthony & Willard, A. Murray
Lehigh University
Lehigh Preserve
Fritz Laboratory Reports Civil and Environmental Engineering
1979
Fluidization applied to sediment transport (f.a.s.t.) -
ii, 1979
Anthony Collins
A. Murray Willard
Follow this and additional works at: http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-
reports
This Technical Report is brought to you for free and open access by the Civil and Environmental Engineering at Lehigh Preserve. It has been accepted
for inclusion in Fritz Laboratory Reports by an authorized administrator of Lehigh Preserve. For more information, please contact
preserve@lehigh.edu.
Recommended Citation
Collins, Anthony and Willard, A. Murray, "Fluidization applied to sediment transport (f.a.s.t.) - ii, 1979" (1979). Fritz Laboratory
Reports. Paper 2324.
http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-reports/2324
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
FLUIDIZATION APPLIED TO SEDIMENT TRANSPORT - II 
by 
Willard A. Murray 
Anthony G. Collins 
Lehigh University 
Bethlehem, Pennsylvania 
Prepared under the Support of the 
Pennsylvania Science and Engineering Foundation 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
ACKNOWLEDGEMENTS 
The authors would like to express their thanks to Ms. Lynne Young. 
Her enthusiasm, helpful suggestions and diligent assistance during the 
experimental phase of the project were greatly appreciated. 
Also to be acknowledged is Ms. Shirley Matlock. who typed the manu-
script. 
I 
I 
I 
I 
.I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
TABLE OF CONTENTS 
INTRODUCTION 
EXPERIMENTAL SETUP AND PROCEDURES 
EXPERIMENTAL PROCEDURE 
RESULTS 
CONCLUSIONS 
Page 
1 
2 
5 
10 
32 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Fig. 1 
Fig. 2 
Fig. 3 
Fig. 4 
Fig. 5 
Fig. 6 
Fig. 7 
Fig. 8 
Fig. 9 
Plan View of Flume 
Pressure Circles 
Sand Boils 
Partial Fluidization 
Full Fluidization 
Turbulence 
LIST OF FIGURES 
Sand Density Sample Locations 
Initial Setup· 
Partial Fluidization 
Fig. 10 Pressure Circles 
Fig. 11 Partial Fluidization after Merging 
Fig. 12 Initial Dyke Formation 
Fig. 13 Downstream Extension Turbulence 
Fig. 14 Near Full Fluidization 
Fig. 15 Full Fluidization Except Necked Area 
Fig. 16 Necked Area 
Fig. 17 Full Fluidization 
Fig. 18 Full Fluidization (Decreased Pressure) 
Fig. 19 Final Channel Cross Section 
Fig. 20 Variation of Dyke Size 
Fig. 21 Nonuniform Sand Coverage 
Fig. 22 Final Cross Section, Nonuniform Sand Coverage 
Fig. 23 Final Cross Section 
Fig. 24 Sand Boils - Fluidization Hole Variation 
Fig. 25 Sand Boils - Fluidization Hole Variatton 
Page 
3 
6 
6 
7 
7 
8 
8 
18 
18 
19 
19 
20 
20 
21 
21 
22 
22 
23 
23 
25 
26 
27 
27 
30 
31 
I 
I LIST OF TABLES 
I 
TABLE 1 - Run Summary 11 
·I 
1-
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I-
I 
I 
I 
I 
I 
I 
I 
I 
FLUIDIZATION APPLIED TO SEDlMENT TRANSPORT - II 
INTRODUCTION 
To maintain an adequate depth for navigation it is often necessary to 
continuously dredge channels. An alternative to dredging would be to 
fluidize the sediment along the desired channel path allowing the unwanted 
material to flow. downgrade. It is proposed to have a pipe located per-
manently at the desired base elevation of the channel. The pipe would then 
be pressurized and the water escaping from numerous ports along the.full 
length of the pipe would fluidize the sediment. 
This report presents the results of the initial studies which were 
designed to prove the viability of the procedure. Detailed information 
describing the fluidization procedure was also gathered. The laboratory 
studies were designed to consider the following situations; 
(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 
(vii) 
the initiation of fluidization 
the repeatability of fluidization given similar initial 
conditions 
the possibility of pressure reduction after full fluidization 
is achieved while still maintaining full fluidization 
the initiation of fluidization under various and nonuniform 
sediment deposition 
the transport by gravity or by pumping of the fluidized sediment 
the possibility of fluidization pipe self-burial 
the effect of fluidization hole spacing in the pipe. 
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EXPERIMENTAL SETUP AND PROCEDURES 
The study was conducted by pressurizing a pipe buried in relatively 
uniform sand in a flume. The pipe could be pressurized up to about 60 psi 
by mains pressure and an auxilary pump could provide an extra 30 psi. 
The Flume 
The flume was approximately triangular in shape and was constructed 
of plywood. The dimensions of the flume are shown in Fig. 1. Region B 
was used as a receiving area for pumped sand and Region A as a storage 
area for sand. The experiments were conducted in Region C. The height 
of the overflow weir at the downstream end of the flume was adjusted 
according to the height of sand above the pipe so that a water depth of 
between 3 and 6 inches was maintained above the sand. 
The Sediment 
The sediment was a uniform sand with the following sieve analysis 
properties. 
Sieve Number d (mm) % Finer 
16 1.00 99.93 
30 0.600 98.82 
50 0.300 93.36 
60 0.250 69.96 
70 0.212 58.85 
100 0.150 19.77 
200 0.075 3.15 
325 0.045 0.34 
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Fig. 1 Plan View of Flume 
supply 
pipe 
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d10 = 0.100 
d50 = 0.198 
d60 = 0.220 
d90 = 0.290 
The Pipe 
Uniformity Coefficient = 2.2 
The pipe used to produce the fluidize sand was a 10 foot length of 
1~ inch galvanized steel pipe. The fluidizing jets were 3/32 inch diameter 
holes drilled on both sides of the pipe at 1 inch centers on the horizontal 
diameter plane. Two manometer taps were located 6 inches from either end 
of the pipe and connected in parallel to an open ended manometer. The 
flow through .the pipe was controlled by two valves; one at the upstream end 
of the pipe and one at the discharge side of the in-line pump. 
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EXPERTIMENTAL PROCEDURE 
The experimental technique was developed so that the field situation 
could be simulated as closely as practible. 
Flooding 
The flooding procedure was determined mainly by the desire to remove 
air pockets from the sand bed. Region B and then Region A was filled by 
hose. Finally, Region C was filled by hose allowing infiltration into the 
sand and from the pipe which was pressurized at a very low pressure. The 
latter procedure released some air into the sand but the agitation of the 
sand during the tamping process generally removed any entrapped air. 
Sand Placement 
After floodin~the sand was uniformly tamped under water with a 
rectangular piece of wood. The sand was then smoothe~ to the desired 
configuration and level above the pipe. 
Data Recording 
The depth of sand and water above the pipe were measured. These were 
determined by inserting a thin wire into the compacted sand, noting the 
height of sand or water on the wire, removing it and measuring the height. 
As the flow was increased by small increments by means of the two valves 
and the pump, the manometer readings were noted. Visual descriptions were 
recorded and photographs were taken of various phenomena occurring through-
out the test. 
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The terminology used is described below: 
- . ----- -- ------ --- ------ - --- -----
(i) Pressure Circles - sand mounds created at low pressures in 
fluidization pipe prior to breakthrough 
Fig. 2 Pressure Circles 
(ii) Sand Boils - point source eruptions of fluidized sand 
Fig. 3 Sand Boils 
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(iii) Partial Fluidization - initial stage of fluidization occurring 
at relatively low pipe flow and pressure. A varying nUmber of clearly 
defined sand boils and bubbles can be observed in the fluidized region 
; . " ' .. -· 
Fig. 4 Partial Fluidization 
(iv) Full Fluidization - final stage of fluidization occurring at 
relatively high pipe flows and pressures. Few or no sand boils or bubbles 
can be seen throughout and little water or sand movement is perceptible. 
Fig. 5 Full Fluidization 
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(v) Turbulence - general or regional increase in sand boil size 
prior to full fluidization, the spreading or joining of fluidized regions. 
Fig. 6 Turbulence 
Sand samples were taken after the flume was drained to determine 
density variations across the channel cross section. The sample locations 
are shown in Fig. 7. 
Dyke-to-Dyke Distance 
Region 2 
Region 3 
Region 1 
Fig. 7 Sand Density Sample Locations 
8 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
9 
The density samples were collected as follows. A thin piece of plexi-
glass was inserted vertically into the sand. The sand on one side of the 
plexiglass was excavated allowing another piece of plexiglass to be inserted 
horizontally, below the first piece. By inserting a piece of thin wire 
the depth of sand to the second piece of plexiglass was determined. 
A thin walled metal tube of known diameter was then inserted into the 
sand. The first piece of plexiglass was removed and the second piece along 
with the tube was lifted from the sand mass. The known volume of sand, 
within the tube was dried, weighed and the density calculated. Three 
samples were taken at each of the three locations shown in Fig. 7 - a total 
of nine samples for each experimental run. 
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RESULTS 
The nature of the study was such that the results were qualitative 
rather than quantitative. In particular, the comparison of experimental 
runs was largely based on written description and photographs. Table 1 
summarizes the original records kept. 
Following Table 1 is a descriptive summary of each run with emphasis 
on any variations from the standard fluidization process. 
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Run Photo-graph Purpose 
. Date Type 
Standard fluidi-
1 zation process 
Color with uniform 
Jun 13 sand coverage. 
Repeatability 
2 Black & of fluidization 
White process with Jun 14 uniform sand 
coverage. 
Repeatability 
3 of fluidization 
Color ·process with 
Jun 16 uniform sand 
coverage. 
Repeatability 
4 Black & of fluidization 
White process with Jun 19 uniform sand 
coverage. 
Repeatability 
5 of fluidization 
Color process with 
Jun 23 larger uniform 
sand depth 
----------·--
TABLE 1 - Run Summary 
Pressure (upstream) 
(psi) 
Setup 
Full Partial 
Fluidi- Reduced Fluidi-
zation Pressure zation 
• 
Pipe horizontal 
Sand depth 7 in 
Water depth 9 in 
- - -
Fluidization 
holes 1 in centers 
Pipe horizontal 
Sand depth 6\ in 
Water depth 9 in 1.32 1.07 0.80 
Fluidization holes 
1 inch centers 
Pipe horizontal 
Sand depth 6-3/8 il1 
Water depth 9 in 1.32 1.08 0.80 
Fluidization holes 
1 inch centers 
Pipe horizontal 
Sand depth 6-3/8 it1 
Water depth 9 in 1.29 1.11 0.83 
Fluidization holes 
1 inch centers 
Pipe horizontal 
Sand depth 8\ in 
Water depth 13\ ~n 1.38 1.12 0.93 
Fluidization holes 
1 inch centers 
Densitl 
gm/CIJl 
Loca- Loca-
tion tion 
1 2 
2 •. 68 2.21 
2.67 2.15 
2.70 2.31 
2.62 2.21 
2.92 2.11 
Loca-
tion 
3 
2.40 
2.39 
2.41 
2.55 
2. 77. 
..... 
..... 
-------------------
Run Photo-
Date graph Purpose Setup Type 
Repeatability of Pipe horizontal, sand 
6 Black & fluidization process depth 6 in at either 
with nonuniform sand end with 8 in hump in White ~un 28 coverage. center, water depth 13\ 
in, fluidization holes 
1 inch centers. 
Repeatability of Pipe horizontal, sand 
7 floidization ·process depth 6 in downstream 
Color with nonuniform sand increasing to 8 in 
Jul 5 coverage. upstream, water depth 
13\ in, fluidization 
. holes 1 inch centers. 
Repeatability of Pipe horizontal, sand 
8 Black & fluidization process depth 5 in at either 
White with nonuniform sand end with 10 in hump in Jul 8 coverage. center, water depth 13\ 
in, fluidization holes 
1 inch centers. 
Repeatability of Pipe at 0.042 slope, 
fluidization process sand depth 5 in at 
9 Black & with nonuniform sand upper manometer tip and 
White coverage. horizontal surface, Jul 20 downstream water depth 
13\ in, fluidization 
holes 1 inch centers. 
Pressure (upstream) 
(psi) 
Full Partial 
Fluidi- Reduced Fluidi-
zation Pressure zation 
' 
' 1.55 1.25 0.92 
1.32 1.24 0.91 
.... :11 
1.50 1.13 0.88 
1.47 1.21 0.88 
Dyke-
to-
Dyke 
Distance 
(inches) 
-
-
-
-
...... 
1\.) 
--
Run 
Date 
10 
Jul 25 
11 
Jul 26 
- -- - - -- ---- - - -- --
Photo-
graph 
Type 
Color 
Purpose 
Repeatability of 
fluidization process 
with nonuniform sand 
coverage. 
Repeatability of 
fluidization process 
with nonuniform sand 
coverage, pump testing. 
Setup 
Pipe at 0.042 slope, 
sand depth 5 in at 
upper manometer tap and 
horizontal surface, 
downstream water depth 
13~ in, fluidization 
holes 1 inch centers. 
Pipe at 0.042 slope, 
sand depth 5 in at 
upper manometer tap and 
horizontal surface, 
downstream water depth 
13~ in, fluidization 
holes 1 inch centers. 
Pressure (upstream) 
(psi) 
Full 
Fluidi- Reduced 
zation Pressure 
1.47 1.25 
1.46 1.23 
Partial 
Fluidi-
zation 
0.87 
0.87 
Dyke-
to-
Dyke 
Distance 
(inches) 
-------. --- ------1------------+-----------+----+-----t----r----t 
12 
~ul 28 
13 
~ul 31 
14 
Aug 1 
Black & 
White 
Color 
Repeatability of fluidi-
zation process with non-
horizontal, uniform sand 
coverage, gravity flow 
and pump testing. 
Repeatability of fluidi-
zation process with non-
horizontal, uniform sand 
coverage, gravity flow 
and pump testing. 
Self-burial during 
full fluidization. 
Pipe at 0.042 slope, 
sand depth 6 in, down-
stream water depth 13~ 
in, fluidization holes 
1 inch centers. 
Pipe at 0.042 slope, 
sand depth 6 in, down-
stream water depth 13~ 
in, fluidization holes 
1 inch centers. 
Pipe at 0.042 slope, 
sand depth 5 in, down-
stream water depth 13~ 
in, fluidization holes 
1 inch centers. 
1.44 
1.47 
1.23 0.87 16-7 I 8 
1.14 0.88 16-3/4 
-- - -- -- -- - - - - ---- ---
Pressure (upstream) 
Photo- (psi) Dyke-Run graph Purpose Setup to-Date Full Partial Dyke Type Fluidi- Reduced Fluidi- Distance 
zation Pressure zation (inches) 
Repeatability of fluidi- Pipe at 0.042 slope, 
15 zation process with non- sand depth 6\ in, down-
Color horizontal uniform sand stream water depth 13\ 2.96 2.48 0.90 17-3/4 
~ug 3. coverage and fluidiza- in, fluidization holes 
tion hole variation. 2 inch centers. 
Repeatability of fluidi- Pipe at 0.042 slope, 
16 Black & zation process with non- sand depth 6\ in, down-horizontal uniform sand stream water depth 13\ 3.14 2.30 0.97 19-1/4 White .~~ ~ug 8 coverage and fluidiza- in, fluidization holes 
tion hole variation. 2 inch centers. 
Repeatability of fluidi- Pipe at 0.042 slope, 
17 zation process with non- sand depth 6\ in, down-
Color horizontal uniform sand stream water depth 13\ - - 1.33 21-3/4 
~ug 10 coverage and fluidiza- in, fluidization holes 
tion hole variation. 4 inch centers. 
Repeatability of fluidi- Pipe at 0.042 slope, 
18 Black & zation process with non- sand depth 6\ in,' down-horizontal uniform sand stream water depth 13~ - - 0.99 20-5/8 
Aug 11 White coverage and fluidiza- in, fluidization holes 
tion hole variation. 4 inch· centers. 
19 Repeatability of fluidi- Pipe horizontal, sand 
Color zation process with depth 6~ in, water 1.45 1.18 0.88 -
Aug 15 uniform sand coverage. depth 13~ in, fluidi-
zation holes 1 in center& 
20 Repeatability of fluidi- Pipe horizontal, sand Black & zation process with depth 8 in, water depth 1.48 1.22 0.89 -
Aug 16 White larger uniform sand 13\ in, fluidization depth. holes 1 inch centers. 
- - - - - - -· - - - - - - - - - - - -
Pressure (upstream) 
(psi) Dyke-
Photo- to-Run graph Purpose Setup Full Partial Dyke Data Type Fluidi- Reduced Fluidi- Distance 
zation Pressure zation (inches) 
Pumping test at Pipe horizontal, sand 21 partial fluidization depth 13~ in, fluidi-
- - -
-
- zation holes 1 inch ~ug 28 centers. 
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Run 1 
- --- - . - --··-· - - - - --. -· . - . -.-
_re -~a;! Vf!-__ p_~es s ':l_re. _!.~~!'.e_a_~~~ _!_ __ .Tit~ .. .P..!l~.s~~-j>-~!;~e~~ _Q.l=. ~S_I!I!:!;:~_.inc.remen ts .. were. ___ . 
ab~ut-five .. ml.ntites i~ duration. 
-·-- ---------
Increment 1 - no effect, saturation of sand. 
Increment 2 - partial fluidization over a length of approximately 12 
inches and with time spreading to 24 inches at the upstream end of the pipe. 
Increment 3 - continued extension of zone laterally and longitudinally. 
Increment 4 - increased turbulence within the fluidized region with 
dyke formation becoming clearly defined. 
Increment 5 - increased turbulence in original region and with time a 
new partially fluidized region about 12 inches in length occurred at the 
mid point of the pipe. 
Increment 6 - increased turbulence in both regions with individual 
sand boils becoming more clearly defined. 
Increment 7 - lateral extension of partially fluidized regions. 
Increment 8 - lateral and longitudinal enlargement of fluidized areas. 
Increment 9 - partial fluidization extended downstream over, in total, 
about half of the pipe length in two equal regions from the upstream end 
of the pipe and from the midpoint of the pipe. Sand boils were very 
apparent along the edges of the dykes. The upstream region was progressing 
to full fluidization, as evidenced by uniform sand coloring. 
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Increment 10 - midpipe region became more turbulent while upstream 
region achieved full fluidization. With time both regions extended down-
stream and the individual sand boils in the midpipe region became less 
apparent. 
Increment 11 - both regions were virtually fluidized and the upstream 
region almost joined with the midpipe region. 
Increment 12 - the two regions joined to form a fully fluidized 
17 
region extending three quarters at the length of the pipe from the upstream 
end. 
Increment 13 - after large sand boil formation and turbulence the fully 
fluidized area extended the full length of the pipe except for two necked 
areas. 
Increment 14 - increased pressure did not remove the necked areas 
(these were eventually removed by a rapid increase ,q.f pressure after a 
pressure decrease). 
Increment 15 - pressure decreased while still maintaining full 
fluidization. 
Run 2 
The pattern of fluidization was similar to Run 1 except that a third 
individual region briefly developed towards the downstream end of the pipe. 
The following photographs show the highlights of the fluidization process. 
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Initial Setup- the flume was flooded and the sand compacted prior to 
the testing. 
Fig. 8 Initial Setup 
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Increment 1 - partial fluidization at upstream end of pipe with indi-
vidual sand boils but no dyke formation. After time elapsed pressure circles 
appeared at the midpipe area. 
Fig. 9 Partial Fluidization 
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Fig. 10 Pressure Circles 
Increment 2 - the upstream partially fluidized region and the midpipe 
region merged. Downstream of this area a third area broke through but 
quickly merged with the larger area. Sand boils were closely spaced later-
ally. 
Fig. 11 Partial Fluidization after Merging 
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Increment 4 - the partially fluidized region became enlarged with the 
dykes becoming more visible and the lateral distance between the sand boils 
increasing. 
Fig. 12 Initial Dyke Formation 
Increment 7 - increased turbulence downstream as the region extended 
in that direction. 
Fig. 13 Downstream Ex.tension Turbulence 
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Increment 9 - increased turbulence as entire region neared full fluidi-
zation with clearly def.ined dykes. 
Fig. 14 Near Full Fluidization 
Increment 10 - almost full fluidization except necked area at down-
stream end of pipe. 
Fig. 15 Full Fluidization Except Necked Area 
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Increment 14 - necked area remained with substantial turbulence either 
side merging into full fluidization upstream and almost full fluidization 
downstream. 
Fig. 16 Necked Area 
Fig. 17 Full Fluidization 
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Increment 16 - decrease of pressure while full fluidization was 
maintained. Individual sand boils were apparent. The regions that were 
marginally fully fluidized were dark in appearance. 
Fig. 18 Full Fluidization (Decreased Pressure) 
Drained Flume - the flume was drained overnight and the fluidized 
channel exposed. The dyke formation was clearly visible. 
Fig. 19 Final Channel Cross Section 
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Run 3 
The pattern of fluidization was very similar to Run 1. 
Run 4 
The pattern of fluidization was again very similar to Run 1 and hence 
confirmed that .given similar initial conditions the process of fluidization 
. 
was repeatable. 
Run 5 
The same sequence of events that led to full fluidization that had 
been noted in the initial runs was again followed. As expected with a 33-1/3% 
increase in depth.there was an increase in the pressure required for full 
fluidization and also in the pressure required to maintain partial fluidi-
zation. 
Run 6. 
This run investigated the effect of nonuniform sand coverage over a 
horizontal pipe. In general the normal sequence of events was followed 
to full fluidization. At low fluidization pressure sand boils appeared 
over the midpipe (humped) region while the initial breakthrough and fluidi-
zation occurred in the shallower depth upstream region. The region of 
greater depth experienced greater turbulence before fluidization and 
during this process sand was transported upstream and downstream of the 
greater depth region. This feature was the major point of interest as full 
fluidization was achieved along the entire channel length quite normally. 
In the fully fluidized condition the dykes formed were of uniform height as 
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the fluidized sand moved preferentially to any dyke section which was 
lower than another. This created larger dykes in the shallower pipe 
coverage areas. The smaller dyke over the greater depth midpipe region 
is shown in Fig. 20. 
Fig. 20 Variation .of Dyke Size 
The channel cross section was relatively constant. 
Run 7 
The nonuniform sand layer in this instance consisted of a gradual 
increasing from 6 inches at the downstream end of the pipe to 8 inches 
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at the upstream end of the pipe. The normal sequence of events was followed 
to full fluidization. As was to be expected the initial breakthrough and 
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partially fluidized region was at the downstream end of the pipe which had 
the shallower sand coverage. 
Run 8 
26 
The nonuniform sand co~erage, in this instance, consisted of a central 
region which was 100% higher (10~ inches) than the upstream and downstream 
regions (5~ inches). Full fluidization was achieved in sequence from up-
stream to midstream and finally to downstream. As described in Run 6 the 
channel was quite uniform and the fluidized sand redistributed itself such 
that dykes of uniform height were created. This is shown in Fig. 21 and 
Fig. 22. 
Fig. 21 Nonuniform Sand Coverage 
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Fig. 22 Final Cross Section, Nonuniform Sand Coverage 
Run 9 
Full fluidization was achieved in the normal manner with the pipe on 
a slope of 0.042 and the original sand surface being horizontal. The 
typical final clrmmei cross section w~·s ··achieved as shown in Fig·. 23·. 
Fig. 23 Final Cross Section 
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Run 10 
This run repeated Run 9 with almost identical results. 
Run 11 
With initial conditions similar to the previous two runs the pattern 
of events to full fluidization was repeated • A ·submersible pUmp· was 
. - ---------- --------~---- ·----- ----
placed at the downstream end of the fluidized channel and the sand slurry 
was removed. The pumping_ was extremely efficient - the pipe was exposed 
along its entire length. The channel was increased in width from 15~ 
inches (dyke to dyke) to 27~ inches. 
Run 12 
This run was similar in terms of initial setup and sequence of events 
leading to full fluidization as the preceeding 3 runs. After full fluidi-
zation had been achieved the flow was maintained for 1~ hours and initial 
and final readings confirmed that there was a migration of the fluidized 
sand in the channel downstream along the dip of the pipe. The upstream 
sand depth converage dropped from 6 inches to 5-5/8 inches while the down-
I 
stream depth of coverage increased from 6 inches to 6~ inches. Pumping 
tests with the submersible pump again showed the viability of this procedure 
for sediment removal. 
Run 13 
This run was identical in initial conditions and results to Run 12. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
Run 14 
The initial conditions for this run were similar to the two preceding 
runs except that the pipe was raised 1 inch and supported only by the 
sediment. The aspect investigated in this run was whether the pipe had a 
tendency to self-burial once full fluidization was achieved. The test was 
run for 90 minutes and no tendency to self-burial was observed. 
Run 15 
29 
This run and the next three runs were designed to study the effect of 
fluidization hole variation on a center-to-center basis. All runs to this 
point had been with fluidization holes at 1 inch center-to-center spacings. 
The center-to-center spacing was altered to 2 inches and the pipe was 
placed on a slope of 0.042 with a 6~ inch uniform sand coverage. The 
sequence of events leading to full fluidization was very similar to the 
original runs. The pressure to achieve full fluidization was approximately 
double that required with the original fluidization hole spacing. Similarly, 
the reduced pressure required to maintain full fluidization was also 
approximately double. The dyke-to-dyke distance increased- ab-o.ut -15%~ 
Run 16 
This run was identical in setup and results to the development of sand 
boils leading to full fluidization - obviously the sand boils are spaced 
at greater intervals than the original runs and are consequently more 
clearly defined. 
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Fig. 24 Sand Boils - Fluidization Hole Variation 
Run 17 
The center-to-center spacing of the fluidization holes was increased 
to 4 inches; otherwise the initial conditions of this run were similar to 
30 
the two preceding runs. Once again full fluidization was achieved with the 
normal progression of events. The pressure to reach full fluidization was 
too large to be read by the manometer in use , The dyke-to-dyke distance 
again increased on the order of 25% over the original fluidized channel 
width. 
Run 18 
The run was identical in setup and results to the previous results. TIE 
----·· -------- ---- -----
effect of the increased spacing of fluidization holes on sand boil 
development can be seen in Fig. 25. Though the sand boils are relatively 
widely spaced the process to full fluidization is the same as the original 
runs. 
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Fig. 25 Sand Boils - Fluidization Hole Variation 
Run 19 
This run ~-1as a repeat of Run 2 - all results were confirmed • 
.' 
Run 20 
This run was a repeat of Run 5 - all results were confirmed. 
Run 21 
This run was made to check the possibility of pumping the partially 
fluidized sand. The sand channel was fully fluidized and the pressure 
reduced to the point where partial fluidization was achieved. Pumping the 
partially fluidized sand was possible but was dependent on careful place-
ment of the pump so that the sand feed to the pump was not too dense. A 
well designed intake structure, including the possibility of a water feed 
to dilute the sand suspension, would be necessary but the overall pressure 
in the fluidizing pipe could be reduced. 
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CONCLUSIONS 
1. The process leading to a fully fluidized channel was quite con-
sistent. Briefly, the process consisted of the development of pressure 
circles, to groups of sand boils, enlargement of these areas both laterally 
and longitudinally, increased turbulence and the joining of areas to form 
partially fluidized areas and finally to a fully fluidized channel. 
2. The ability to repeat the fluidization process was proven given 
similar initial conditions. 
3. Once full fluidization was achieved it was possible to reduce the 
pressure on the order of 20%.and still maintain full fluidization. Further, 
the pressure could be reduced about another 20% to a state of partial 
fluidization in the channel. 
4. Fluidization was achievable under a wide variety of initial condi-
tions including; 
(i) Horizontal and non-horizontal pipe 
(ii) Uniform and nonuniform sand coverage. 
5. With the pipe on a slope and a fully fluidized channel the sediment 
flowed under the influence of gravity to the downstream end of the pipe. 
6. The fully fluidized sediment could be rapidly pumped from the 
channel without relocating the pump. The partially fluidized sediment could 
also be pumped but was dependent on careful pump intake conditions to avoid 
clogging the pump. 
7. There was no tendency for the pipe to self-bury even under full 
fluidization conditions. 
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8. As the fluidization hole spacing was increased the dyke-to-dyke 
distance of the fluidized channel increased as did the pressure required 
to reach full fluidization. 
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